experiencing learning difficulties. One envisions the educational intervention filling gaps, compensating for the relative lack of developmental opportunities experienced by children who, for example, live in extremely poor, segregated neighborhoods. Therefore, hypotheses typically advanced about expected intelligence and academic achievement gains and improved academic and other life successes because of various compensatory preschool interventions, hold a good deal of practical face validity. However, our understanding of the true effects of early childhood education arguably remains debatable and, unfortunately, the debate takes place more often in political rather than scientific forums. Given the lack of any recent integrative study of this topic, such a scientific investigation is needed to inform social scientists, educators, and policy makers. This meta-analytic study aims to fill this knowledge gap by reviewing the scientific evidence on the effectiveness of early childhood educational programs.
HERITABILITY AND MALLEABILITY OF INTELLIGENCE
The posing of research questions about the expected effects of early childhood education-large, moderate, small, or nonexistent-rests on the psychological and sociological evidence pertinent to the heritability and malleability of intelligence. As for heritability, some researchers have estimated that 50% or more of the variability in intelligence among populations of children can be because of genetic factors (Herrnstein & Murray, 1994; Jensen, 1985; Rushton, 1995; Rushton & Ankney, 1995) . Others, adjusting for socioeconomic and other environmental factors, have concluded that the exclusive heritability or main effect of genes on intelligence is actually quite low, ranging from less than 1% to no more than 10% (Cryns & Gorey, 2000; Gorey & Cryns, 1995; 1999; Gould, 1995; Nisbett, 1998) . This debate points toward the probable central importance of gene-environment interactions to ultimately determine such a complex behavior as intelligence. The abilities to think analytically, reason abstractly, and solve problems through the manipulation of words and numbers, tied as they are to the extraordinary complexities of the cerebral cortex and its associated central nervous system networks, obviously arise as an expression of genes. Indeed, these cognitive skills probably result from a constellation of many gene-by-gene interactions far more complex than can possibly be imagined at this time. The fact that analyses in some way accounted for the environment have produced very low estimates of the heritability of intelligence does not mean that genes do not matter; they most assuredly do. Rather, such analyses remind us that genes are expressed in environments, which addresses the issue of malleability.
Primary and secondary analysis of identical and fraternal twins and nontwinned siblings, reared together or apart in the homes of either their biological or adoptive parents, have produced a wide range of results pertinent to intelligence, particularly its malleability (e.g., how much children's IQs can be influenced by the home and related environments). Malleability estimates have ranged from none to as many as 25 IQ points (Mdn = 9 IQ points; Bouchard, Lykken, McGue, Segal, & Tellegen, 1990; Capron & Duyme, 1989; Cyphers, Fulker, Plomin, & DeFries, 1989; Devlin, Daniels, & Roeder, 1997; Locurto, 1990; Scarr & Weinberg, 1978; 1983; Tambs, Sundet, Magnus, & Berg, 1989; Turkheimer, 1991; Weinberg, Scarr, & Waldman, 1992) . Their methodological and contextual variability notwithstanding, in aggregate these studies demonstrate that enriching manipulations of children's home environments can be associated with substantial score gains on standardized measures of intelligence. Because such manipulations of home environments are clearly analogous to planned manipulations of educational environments (e.g., preschool interventions), it seems reasonable to expect similar IQ gains with their attendance.
It should be noted that nearly all of the authors in this field have recognized at least implicitly the probable concomitant importance of genetic endowment and environments, but the possibly critical environmental elements have only been surmised to date. Other research has suggested that children's intelligence may be affected by a diverse array of environmental influences: the quality and amount of their own, their parents', and their grandparents' education; other socioeconomic characteristics of their parents and neighborhoods, including the prevalence of poverty; household size; academic and other stimulation received at home, school, and elsewhere; maternal health and related birthweights; prenatal alcohol exposure and exposure to other environmental hazards, such as lead or tobacco smoke (Bacharach & Baumeister, 1998; Brooks-Gunn, Klebanov, & Duncan, 1996; Christian, Morrison, & Bryant, 1998; Coles et al., 1991; Duncan & Brooks-Gunn, 1997; Jencks & Phillips, 1998; Johnson, Swank, Baldwin, & McCormick, 1999; Larroque & Kaminski, 1998; Schwartz, 1994) . Similar to genetic effects, it seems probable that the environment also affects intelligence in complex ways. The environment-familial, educational, social, economic, political, and physical-is most assuredly strongly related to children's intellectual development. The environment matters, and the enriching opportunities provided by a high-quality preschool education probably matter very much, particularly among children who are socioeconomically or otherwise environmentally impoverished.
Currently there is a profound lack of coherence among the major theories of intellectual development and this lack of theoretical integration tends to reinforce an overly simplistic and erroneous world view. Some theorists tend to emphasize the importance of personal, genetic, or biological factors. The theories of others are dominated by social and environmental factors. Nature is continually pitted against nurture, as if interaction effects did not exist, and as if heritability and malleability were mutually exclusive phenomena. Perhaps a complex behavior such as intelligence can be understood to be highly heritable and highly malleable at the same time (i.e., perhaps it is the result of the interaction of myriad genetic and environmental characteristics). In fact, it is increasingly accepted among natural and social scientists that 100% of human disease (and probably most behavior) is genetically caused and 100% is caused by environmental factors (Rothman & Greenland, 1998; Wilson, 1998) . This theoretical acceptance of the centrality of gene-environment interactions can facilitate the unification of existing natural and social scientific knowledge and facilitate a more integrated understanding of human behavior. For example, implicit in many studies of the heritability of intelligence has been the notion that if intelligence is highly heritable it must not be very malleable: the greater the proportion of intellectual variance accounted for by genetic factors, the lesser the proportion accounted for by environmental factors. This mutually exclusive algorithm is based on the surely erroneous assumption of a main effects only causal model. These main effects, if perfectly measured, would provide a complete causal explanation of intellectual development. Interaction effects are typically not included in such models. However, if main effects are not mutually exclusive and if interaction effects are included in behavioral models, then the opportunities for practical interventional applications of scientific knowledge are potentiated. A heritable characteristic such as intelligence could indeed be amenable to change (Lehrman, 1970) through environmental manipulations. The institution of policies that provide for more equitable educational and other life opportunities for all children and the institution of programs that provide compensatory preschool opportunities for children of relatively deprived backgrounds are examples of such manifestations. The effects of American social policies have been empirically demonstrated by the incremental gains in IQ scores over the course of only a couple generations in addition to the diminishing African American-Caucasian IQ gap (Flynn, 1984; Vincent, 1991) . However, such demonstrable verification of the effectiveness of preschool programs remains to be accomplished.
EFFECTIVENESS OF EARLY CHILDHOOD EDUCATIONAL INTERVENTIONS
Ongoing scientific inquiry on early childhood education is needed. Without it, the mere ebb and flow of political tides potentially have the power to overwhelm rational and empirical evidence that steer social and educational policies. For example, treatment of the topic of preschool interventions in The Bell Curve (Herrnstein & Murray, 1994) provocatively identified the highly heritable nature of intelligence and so assumed its relative unmalleability. Then, consistent with currently popular reform notions, the authors concluded that preschool interventions, like other purportedly wasteful social welfare policies, could be expected to have little impact on intelligence or other human behaviors. Herrnstein and Murray's treatise on compensatory preschool education cited only a handful of studies which, for the most part, secondarily analyzed data from the 1960s and 1970s (Adams, 1989; Brown & Campione, 1982; Ceci, 1991; Jensen, 1993; McLaughlin, 1977) . Seminal work from the 1980s and 1990s was conspicuously absent. My review of recent reviews and editorials found as many encouraging as disparaging conclusions about the effectiveness of early childhood educational interventions (Barnett, 1998; Garber & Hodge, 1991; Karoly et al., 1998; Locurto, 1991; Ramey, 1999; Raver & Zigler, 1997; Ripple, Gilliam, Chanana, & Zigler, 1999; Schweinhart & Weikart, 1991; Spitz, 1997 vary by a factor of more than eight, ranging from annual funding levels of approximately $1,000 to more than $8,000 per child. Given that such investments are surely related to various potentially important program characteristics (e.g., teacher qualifications, teacher/student ratio, program intensity, and duration), our understanding of how they affect program outcomes would be served by a thorough synthesis of the relevant scientific research. This study will translate scientific evidence about the effectiveness of early childhood education into practical evidence by the means of a meta-analysis. One can then judge for oneself: (a) are its compensating effects nonexistent, small, moderate, or large? and (b) which intervention characteristics are predictive of relatively larger effects?
METHODS

Selection of the Sample for Meta-Analysis
In January 2000 the following research literature data bases were searched (1990 to 2000): ERIC, Education Index, PsycINFO, Social Work Abstracts, Sociological Abstracts, Social Science Index, and Index Medicus. The key word search {preschool or compensatory education} and {intelligence, IQ, or cognition} and {effectiveness, effect, efficacy, evaluation, assessment, benefit, outcome, or follow-up} produced 49 conceptually relevant studies. Given that the focus was on rigorous evaluations of preschool interventions, studies had to meet the following additional methodological criteria to be included: (a) used a quasi-experimental comparison condition or randomized experimental control group(s); (b) assessed the pretest equivalence of their treatment and comparison or control groups and accounted for any observed nonequivalence (sample restriction, matching or mathematical models); and (c) presented their findings with sufficient detail so that corresponding effect sizes were calculable (minimally group means and standard deviations or statistical significance levels with group sample sizes). Because the focus was on early preventive cognitive interventions with socioeconomically but not otherwise disadvantaged children, studies were excluded if they sampled children older than 5 years of age with specific medical or organic problems (e.g., cognitive and other interventions with low birthweight infants or those with fetal alcohol syndrome), or if their primary focus was on intervention with already mentally retarded or otherwise developmentally or physically disabled children. A total of 21 of the originally selected studies met these conceptual, methodological, and empirical criteria. Bibliographies of these 21 retrieved manuscripts were searched for earlier independent studies that met the same inclusion and exclusion criteria; 14 additional studies were selected. The 35 total studies selected for this analysis tested 80 hypotheses. 1 If a study used more than one measure of the same conceptual domain, the effects were combined (weighted average) into one independent hypothesis test. If a study used multiple conceptual measures (e.g., intelligence and academic achievement) they were treated as independent hypotheses for this meta-analysis.
Meta-Analysis and Effect Size Interpretation
Cohen's (1988) U 3 statistic was used as an index of effect size and practical significance. It is an intuitively appealing metric that compares all the scores of an intervention group's members on a dependent measure with a control group's average score at posttest. For example, a U 3 of 75% resulting from a 3-year, posttest comparison of a group of preschool participants with a nonparticipating control group on a standardized intelligence test would be interpretable as follows: 75% of the preschoolers scored higher than the average child in the control group. U 3 s were derived from d-indexes weighted by study sample sizes that are calculable from a variety of intervention-control outcomes statistics (group Ms and SDs, t-test, F-ratio, x 2 , and p level with group Ns) and allow for ease of across-study comparison (Cooper, 1998; Cooper & Hedges, 1994) . The statistical significance of aggregate cognitive and related effects of preschool intervention were tested with Rosenthal's (1978) weighted zs method of combining probabilities (weighted by study samples sizes). As a control for publication bias, fail-safe Ns at p < .05 (Rosenthal, 1979) were computed for each major behavioral domain.
Although there are many extant effect size indexes, psychologists and other behavioral scientists will probably be most acquainted with Cohen's d-index. The d-index is interpretable as the number of outcome measure SD shifts experienced by an intervention group, compared with a comparison or control group. In fact, the d-index is often referred to erroneously as a synonym for study "effect size." I prefer another of Cohen's effect size metrics, the U 3 statistic, primarily because it tends to put the emphasis on people, rather than measures, and so in my view, lends itself well to the assessment of clinical and policy significance. Actually, being a direct function of d, U 3 basically provides the same information about the size of an effect. In the interest of clear communication, the following effect size landmark conversions may serve as an interpretive guide: (a) a d of 0.25 or a one-quarter SD shift is equivalent to a U 3 of 60% (e.g., six of every 10 participants in an intervention group score higher on the measure being studied than the average participant in a comparison group); (b) a d of 0.50 is equivalent to a U 3 of 70%; (c) a d of 1.00 equivalent to a U 3 of 85%; (d) a d of 1.30 equivalent to a U 3 of 90%; and (e) a d of 1.65 is equivalent to a U 3 of 95%. For interpretive purposes, it will also be useful to note that a one SD change (d = 1.00, U 3 = 85%) represents an actual score change of 15 IQ points on most standardized measures of intelligence.
Accounting for study validity. The central potential threat to the validity of this meta-analytic study (i.e., that any of the estimated effects of preschool intervention are really methodological artifacts rather than true treatment effects) proceeds directly from potential threats to the internal validity of its sample of studies. Because these 35 studies all attempted to observe cognitive or other behavioral change over time, in most cases years (even tens of years) after the intervention, and because their critical comparisons were between intervention and comparison or control groups at posttest, the most likely alternative explanations are that possibly the study groups were not equivalent at pretest or that some systematic loss to follow up occurred. For example, if significant numbers of initial study participants refuse or cannot be found for posttest measurement, and if these rates of attrition differ between the study groups and are also related to study outcomes (i.e., mortality is associated with the hypothesized independent {treatment} and dependent {outcome} variables), such differential mortality would probably fatally confound the study's findings.
Three methodologies are most critical in protecting against such threats to study internal validity: (a) the random assignment of participants to experimental groups (intervention and control) or some quasi-experimental approximation of this method (intervention and comparison groups); (b) the use of adequate numbers of participants to assure the pretest equivalence of study groups on the outcome variable of interest and other potential confounds; and (c) the use of various procedures to assure that adequate numbers of participants complete the critical posttest measurement. A summary index of internal validity, based on these three methodological factors, was computed for each of the 35 selected studies as follows: (a) pre-experiment, quasi-experiment, or true randomized experiment (scored respectively, 0, 1, or 2); (b) total initial study sample of 60 or more (sufficient statistical power to detect a d of 1.00; Fleiss, 1981) , 200 or more (adequate to detect a d of 0.50), or 800 or more participants, which could detect a d of 0.25 (scored 0 to 2); and (c) attrition rate greater than 25%, 10% to 24%, or less than 10% (scored 0 to 2; missing data were scored as 0). This computed internal validity index has a theoretical score range of 0 to 6 and is keyed so that high scores are indicative of greater validity. The potential moderation of this meta-analytic review's main effects by the internal validity of its sample of studies will be empirically tested.
Hypotheses. Some social-environmental theories of intelligence acknowledge that, the strength of their heritabilities notwithstanding, cognitive abilities are expressed in diverse environments. Commensurate with these theories, the hypotheses of this meta-analytic study were that: (a) preschool program participants would enjoy significant cognitive and related benefits; and (b) better endowed programs would produce larger effects.
RESULTS
Sample Description
This review of the practical effects of early childhood education is based on 80 study outcomes of cognition, including intelligence and achievement test scores, and measures of school performance, in addition to other related measures of personal and social success. More than 18,000 children participated in these studies at more than 200 preschool sites. Approximately one-third of the research was accomplished by two groups; one in Ypsilanti, Michigan, and the other in Chapel Hill, North Carolina. Six national samples were also included. The remainder of the studies were diversely representative of predominantly inner-city areas. Fourteen states, one Canadian province, and Israel were also included in the aggregate sample. Furthermore, the studies were almost exclusively of children who could be deemed at-risk for school failure by any number of criteria: (a) they resided in single-parent, poor or very poor households; or (b) they scored well below the norm on standardized intelligence tests before their participation. More than three-quarters of the aggregate review sample was represented by racial or ethnic minorities, predominantly African American and Hispanic children. Among the 24 studies that reported sufficient descriptive detail, the aggregate intervention and comparison/control groups did not differ substantively on their racial composition; they included 73.2% and 71.8% African American children, respectively.
The research on compensatory preschool programs reflects their great diversity (left side of Table 1 ). Programs differed by major typology (Head Start, Perry Preschool, Abecedarian Project, etc.) and varied widely on such characteristics as the typical age participants enter them and the typical intensity and duration of their educational interventions. For example, Head Start programs may generally be placed at the low end of the continuum in terms of the amount of preschool intervention. Typically, children will participate for 1 to 2 school years between the ages of 3 and 5 in half-day classes with 10 to 20 or more children. Head Start teachers, who are required to have a 2-year community college or associate degree, are typically supported by volunteers. On the opposite end of the intervention continuum is the Abecedarian Project. Typical Abecedarian participants begin as infants in daycare-based, full-time programs (6 to 8 hours per day, 5 days per week for 2 to 5 years) with very low ratios of teachers with Masters degrees to children (ranging from one to three or six). The well-researched Perry Preschool program generally fits between these two extremes.
Major study design characteristics of the reviewed outcomes are also displayed in Table 1 . They were predominantly (68%) randomized controlled experiments. The remaining research was accomplished with quasi-experiments that used nonrandomized comparison conditions, pre-and posttest measurements, and adjustment techniques such as sample restriction, matching, or mathematical modeling to control potentially potent threats to their internal validity. Note. Initial inter-rater agreement among three raters (two naive) who coded 25 variables from the study manuscripts was 93.5%. Disagreements were discussed so that the ratings were ultimately unanimous (100% agreement).
a Examples: Low = half day classes of 10 to 20 or more children with paraprofessional teachers holding two-year community college or associate degrees; High = six to eight hours per day, five days per week with very low teacher (Masters degree) to child ratios (1:3 to 1:6); and Moderate = intermediate programs. b Approximately half (53%) of the researchers were not institutionally affiliated with the preschool programs being evaluated; 10% were evaluating their own programs, and about a third (37%) of the collaborative teams were comprised of both internal and external evaluators (Gorey, 1996) . c Not codable from the original study manuscripts for 19 outcomes. Two-thirds of the preschool evaluations were based on initial samples of more than 100 children (69%), and one of every four of them (27%) used much larger samples ranging in size from 200 to nearly 5,000. Moreover, their investigators seem to have done a remarkable job of successfully following most of the participants. One-third of the evaluation studies (36%) located more than 90% of their original participants at follow up and almost all of them (91%) located 75% or more of their original participants at follow up. Given the very long time that had transpired between project initiation and follow-up assessment for many of these studies-10 to 25 years among nearly half of them-it is clear that these are exceptionally high completion rates.
Cognitive Effects of Preschool Programs
With only one noted exception, all of the sample size-weighted combined probabilities of this study's meta-effects were minimally significant at p < .05. This is not surprising because of the 80 original study outcomes, 73 were minimally statistically significant at the .05 a -level criterion, three could be categorically described as having approached significance (p < .10), and only four were not significant in a statistical sense. Relatedly, fail-safe Ns at p < .05 for intelligence, academic achievement, and other behavioral effects of preschool intervention were 109, 148, and 231, respectively.
Aggregated effects of early childhood educational interventions on predominantly standardized measures of intelligence and academic achievement are displayed in the top entry of Table 2 . The average intervention effects of preschool on IQ and academic achievement can best be characterized as quite large. At follow up, three-quarters of the children who experienced some preschool educational intervention scored higher on IQ and achievement tests than the average child in a comparison/control group (76% and 78%, respectively; both p < .05). Reading down Table 2 , the effect of preschool intensity and duration on the magnitude of IQ and achievement outcomes shows a clear relationship between the investment in early childhood education programs and the strength of their compensatory effect. Statistically significant and clinically meaningful effects, all of them quite large by any standard, were observed among the more intensive and extended programs, where, for example, approximately 80% or more of the program participants scored better than the average child in a control group. As a further practical interpretive aid, it should be noted that effects of this size are equivalent to an average IQ difference of 13 or 14 points.
Next, the length of time that had passed since their preschool experience was found to be significantly associated with youngsters' scores on standardized tests of cognition. They tended to perform more poorly after the passage of five years than they did during the preceding post-preschool years. However, on both IQ and achievement tests, many preschool participants (69% and 74%, respectively), even after five or more years, scored better than the average child who did not experience an enriching preschool education. There clearly is some evi-dence of the fade-out effect. However, it seems that although, on average, the differences between preschool and comparison/control groups do diminish over time, even years later appreciable numbers of preschool youngsters still demonstrate practically significant IQ and achievement test performance benefits.
Adding a level of complexity to this analysis, with longer term studies the amount of preschool investment was significantly related to outcome (bottom of Table 2 ). The cognitive effects of intensive preschool programs tend not to fadeout very much, whereas, less intensive programs do show a marked fade-out effect. The percentage of children in intensive preschools scoring better than their average counterpart in comparison/control groups five or more years later was 74% and 80% on IQ and achievement tests, respectively. This represents an av- Note. N = number of study outcomes. With three exceptions, each study provided only one intelligence and/or academic achievement-related outcome; one study provided three outcomes by assessing intelligence at three different follow-up points (Martin, Ramey, & Ramey, 1990) , and two studies provided two outcomes each by assessing reading and mathematics achievement separately (Reynolds, 1994; Sprigle & Schaefer, 1985 (Caniuez & Watkin, 1998; Dacey, Nelson, & Stoeckel, 1999; Kaplan, 1996; Karr et al., 1993; Krohn & Lamp, 1999; Slate, 1995; Slate & Jones, 1995 (Daly, Wright, Kelly, & Martens, 1997; DiPerna & Elliott, 1999; Duran & Powers, 1993; Powers, Escamilla, & Haussler, 1986; Shull, Weatherly, Morgan, & Bradley, 1995 erage long-term IQ gain of approximately nine points, for example. Although this meta-analysis lacks sufficient statistical power to test even longer term cognitive effects, they were essentially undiminished among the two evaluations of highly intensive educational interventions that assessed intelligence and academic achievement more than 10 years after preschool participation (U 3 s of 71% and 75%, respectively). After accounting for program intensity, years of follow up, and their interaction (low to moderate or high intensity by # 5 years or > 5 years), none of the other programmatic or study design characteristics displayed in Table 1 
Other Personal and Social Effects of Preschool Programs
Many of the studies in this field used categorical measures of various personal and social problems hypothesized to be associated with low intelligence rather than using standardized cognitive measures. Their cognition-related and generally long-term outcomes are displayed in Table 3 . A few studies assessed differences between preschool participants and nonparticipants on their assignment to "special" learning or educational statuses and included participants identified as borderline mentally retarded or placed in other special education classes (top of Table 3 ). For the label of borderline mentally retarded, at an average of eight years after preschool, only one of 10 children (11%) had been so labeled, whereas four of every 10 children (40%) who did not go to preschool had been so labeled, a more than three-fold differential. Preschool intervention offered a nearly three-quarters protective effect (rate ratio = 11.3/39.7 = 0.29). It prevented three of every four participants from being assigned the label of borderline mentally retarded, a label they would probably otherwise have received at some point during their elementary school years had they not attended preschool. Standardized cognitive assessment is only one limited way of evaluating early childhood education programs. From the lifespace perspective of children and their families, successful school performance, because it is linked to so many other avenues of success, is another, probably even more meaningful outcome measure (School Performance, Table 3 ). Relatively long-term follow up of grade failure (22% versus 43%) and high school drop out rates (26% versus 48%) among preschool and control group youngsters were demonstrative of statistically significant preschool advantages. An enriching preschool education decreased the chances that a child would fail a grade (rate ratio = 0.52) and decreased the chances that a child would drop out of high school before graduation (rate ratio = 0.54), both by nearly 50%. The remainder of the findings displayed in Table 3 are consistent with what is well known about the associations of school failure with various other life difficulties. All of the preschool control group rate ratios on welfare dependence, low socioeconomic status, and criminal behavior were both statistically and practically significant. Over the typical course of near generational follow ups, the cumulative lifetime rates of experiencing such problems were much lower among adults who had attended preschool. For example, compared with their nonpreschooled counterparts, participants were 26% less likely to have ever received welfare, 33% less likely to be poor, less than half as likely to have ever engaged in delinquent or criminal behavior, and strikingly, far less likely (82%) to have developed a criminal lifestyle. Although some of these aggregate findings are based on only a few study outcomes, together the consistency observed across their 40 comparisons certainly seems to indicate that preschool education has a very positive influence on the lives of its participants transcendent of their scores on tests of intelligence or academic achievement.
Lack of Moderation of Effects by Study Characteristics
The computed index of study internal validity (actual score range of two to five), a function of major research design type, sample size, and attrition, was not associated with effect size. Within intelligence, academic achievement, and other behavioral domains, respective internal validity d-index rs (degrees of freedom) were -.19 (21), -.31 (15), and -.13 (38). It should be noted that all of the possible associations-treating the index as a categorical, ordinal, or continuous variable, and testing its association with all 80 study outcomes and with the subsamples of intelligence, academic achievement, and other behavioral outcomes -were explored completely with standard correlational and analysis of variance statistics (Pearson's r, t-test, and F-ratio) . None of these test statistics even approached statistical significance at the .10 a -level criterion. It seems that the original study sampling scheme was successful in selecting a relatively homogeneous group of fairly rigorous studies: 27 of 35 (77.1%) scored 4 or 5 on the index (M = 4.16, SD = 0.90). In other words, there is not a great deal of internal validity variance among this meta-analytic sample, so it is not very surprising that the internal validity index itself it is not predictive of effects. Also, representing the sampling scheme's success, all 35 of the studies assessed race, socioeconomic status, or other family background characteristics (e.g., maternal education) at pretest and accounted for them in some way in their analyses. All but three of the studies did the same for cognitive characteristics of children or mothers. Methodological problems, particularly those related to study group nonequivalence at pretest (possible selective group assignment) or posttest (possible selective attrition or follow up), do not seem to be potent alternative explanations for the observed intervention effects of this meta-analysis.
DISCUSSION
This meta-analysis of experimental and quasi-experimental research showed strong support for the idea that early childhood education is a highly effective preventive intervention. Its observed cognitive and behavioral meta-effects were synthesized from a sample of studies that were largely of high internal validity. They offered a good deal of methodological assurance that their observed treatment effects were indeed the effects of planned preschool educational interventions, rather than the mere spurious results of methodological artifacts such as, for example, uncontrolled selection bias. In light of its methodological strengths, perhaps this review's most telling finding is that as preschool intervention intensity increases, so does the magnitude of its positive effects. In fact, this relatively strong relationship between program endowment and outcomes observed among generally rigorous studies seems indicative of the causal nature of the relation-ship between preschool programs and their outcomes. Previous analysts (Cicarelli, Evans, & Schiller, 1969; Datta, 1976; Haskins, 1989; Herrnstein & Murray, 1994 ) who did not account for this key characteristic of program endowment erroneously emphasized the fading-out of compensatory program effects after a few years. In sharp contrast, the latest long-term evaluations demonstrate in fairly unequivocal fashion that the positive cognitive and related lifespace effects of more intensive early childhood educational programs are maintained well into adulthood. This review's null findings probably contribute as much interpretive power to the integrative knowledge about the cognitive and related effects of early childhood education as do the significant ones. Perhaps most critically, major research design type-experiment or quasi-experiment-did not significantly confound or moderate the central hypothesized effects of this meta-analytic study. Because of the possibility that meta-analysis may merely compound erroneous inferences drawn from research that is not well controlled and because some analysts have observed the effects of nonrandomized trials to be systematically larger than those of otherwise similar randomized trials, numerous caveats have been offered regarding the use of meta-analysis with nonrandomized trials (Petitti, 2000; Stroup et al., 2000) . For these reasons, one could make a rational argument for the exclusion of quasi-experimental primary research from this metaanalytic study's sample. In this instance, however, such an exclusion criterion was not applied because empirical arguments were consistently discordant with the rational one. Not only did the design distinction of quasi-experiment versus randomized experiment not confound or moderate the observed aggregate effects of early childhood education, neither did other methodological characteristics such as study attrition rates or even a computed index of study internal validity. This study's exercise of due empirical caution provided ample assurance that its inclusion of quasi-experiments did not produce conclusions substantively different than those expected from the synthesis of randomized experiments only.
Possible Meta-Analytic Review Limitations
The decision to make published research this review's focus was based on the notion that professional peer and editorial review would bolster confidence in the validity of its aggregate findings. However, because it was based on published journal articles, books, and reports, the findings of this meta-analysis may be confounded by publication bias, although it seems that such intrusion is highly unlikely. As was noted, fail-safe Ns at p < .05 for the intelligence, academic achievement, and other behavioral effects of preschool intervention were found to be 109, 148, and 231, respectively. These are the estimated number of studies with null findings that would have to exist in researchers' or practitioners' file drawers to change this review's central conclusions. The computed failsafe Ns are nearly five, nine, and six times the number of respective study outcomes included in this review (N = 23, 17, and 40) . This review seems highly resistant to the potential impact of unretrieved null results, thus, publication bias is probably not a potent alternative explanation for its findings.
A systematic research review such as this one necessarily produces reviewgenerated findings. Although sample of studies reviewed were rigorous experiments or quasi-experiments, at the level of meta-analysis the research design is essentially cross-sectional. Studies were sampled and analyzed at one point in time during January 2000. All of the review-generated findings of this metaanalysis are most appropriately thought of as screened hypotheses awaiting the confirmation or refutation of future primary research. However, given the homogeneously high internal validity of the studies analyzed, it also seems appropriate to label this review's conclusions as strong hypotheses that one can be quite confident will be affirmed with superior primary research methodologies.
Possible Policy and Research Implications
Some, such as The Bell Curve's authors (Herrnstein & Murray, 1994) and allied scholars, have disparaged "the spending of billions on run-of-the-mill" (p. 403) preschool programs, yet they claim the impossibility of implementing intensive, Abecedarian-like programs for all of the nation's disadvantaged children. Such a scientific and policy catch-22 is not helpful; as with many extreme notions, it is not consistent with the true complexity of the human condition. Such notions are based on a rather antiquated and overly simplistic main effects only model of cognitive development. Conversely, this review's interactional perspective, emphasizing the importance of both nature and nurture, rather than the relative importance of either nature or nurture, strongly suggests that the probable high heritability of complex behaviors such as intelligence notwithstanding, they can be highly malleable at the same time. It seems then that a balanced reading of its findings along with all of the extant scientific evidence would lead to the implementation policies that support, if not the very best imaginable, then at least better preschool programs for more, if not all, of the children who live in our most impoverished environments.
Such policy decisions are necessarily not only based on beneficiary considerations, but also costs. As taxpayers and their policy-making representatives will ultimately pay for all social programs, they want and should have information about their value. As for the relative benefits and costs of early childhood educational programs, the scientific evidence gathered so far strongly suggests that, in addition to their noted benefits for children through young adults, taxpayers definitely seem to be getting their money's worth. Consistent with the findings of this metaanalysis, for example, benefit-cost analyses of the Perry Preschool Program over 15 to 25 years have estimated that it returns between two and seven dollars to society for each dollar initially invested (Barnett, 1985; . These are returns in the form of additional tax revenues from the lifetime incomes of preschool program participants, in addition to decreased social welfare, criminal justice, and related costs. Even if it is assumed that the more liberal of these estimates are doubt-ful, a rational benefit-cost argument could certainly be made to double or even quadruple funding for compensatory education. Why not offer the very best preschool programs possible, up to the societal break-even point?
It seems quite clear what type of future research is needed in this field. A study is needed of diverse preschool interventions that includes the following characteristics: (a) experimental manipulation of the preschool control group variable; (b) a very large sample of participants; and (c) procedures that ensure near complete follow up of the original intervention and control samples. The present meta-analytic study showed that although most of this field's extant primary studies are categorically high in internal validity, including two of three of these research design characteristics, none of them has yet to incorporate all three rigorous procedures. Recall that most studies scored four or five of six points on a computed internal validity index (none achieved the maximum possible score of six). The power provided by very large, perhaps national samples, would allow not only for confident assurance of intervention control pretest equivalence, but also for the accomplishment of direct primary analysis of the potential moderating effect of various child and program characteristics. This would simultaneously allow for the potentially confounding or interacting effects of other key variables, such as various characteristics of the home environment. Moreover, although the research accomplished to date has demonstrated a clear positive relationship between program endowment and its effects (i.e., generally, the more money invested in a given preschool educational intervention, the larger will be its cognitive and other behavioral effects), we still know next to nothing about threshold effects or the relative importance of particular program investments. For example, what is the overall point of diminishing returns on investment in preschool education, above which further cognitive or other behavioral gains will not be realized? Is it $3,000 per childyear, $5,000, or $10,000 or more? What are the threshold effects of specific program characteristics: teacher credentials, teacher/preschooler ratios, program intensity, and duration? These questions have great scientific and policy merit. Their answers, achievable with the best possible research, will be well worth society's investment.
